Abstract: A total of 963 individuals in three villages were examined for schistosomiasis by both skin test and schistosome ova detection in stool and urine in 1974. The antigen used for skin test was VBS adult S. japonicum antigen (1: 10,000 dilution). Stool and urine samples were examined through the concentration methods. Egg-positive rate was 62.2 per cent in Jipe, 68.0 per cent in Eldoro, 69.6 per cent in Kivalwa. Jipe was infested mostly by S. mansoni, Kivalwa by S. haematobium and Eldoro by both two schistosomes. The egg-positive rate was higher in females than in males in Eldoro. In Jipe and Kivalwa, however, the differences in the rate between males and females were not statistically significant. The rate increased with age in children, reached a peak between the ages of5 and 14 years and then decreased gradually. The positive rate of skin test was 76.4 per cent in total, higher than that of stool and urine examinations. The skin reaction was weak or absent among many egg-positive children. The skin-testpositive rate increased as the age advanced and reached 95 per cent in inhabitants from 40 years up. The positive rate of skin test was higher among males than females in Jipe. No significant difference in the rate between males and females was found in E1doro and Kivalwa. Among the egg-positive subjects there was no significant difference in skin reaction between S. mansoni infection and S. haematobium infection. In 1975 stool and urine samples from Jipe, Kivalwa, Kuwahoma and Chala were examined. Kuwahoma proved to be infested by S. haematobium. In Chala schistosome infection was rare. There exist villages infested by S. mansoni and/or S. haematobium in the small area. It seems that VBS adult S. japonicum antigen for skin test and the concentration methods for stool and urine examinations are of use in the epidemiological survey in the areas where S. mansoni and/or S. haematobium infections are prevailing.
INTRODUCTION
It was revealed by the previous investigations made by the Division of Vector Borne Diseases, National Public Health Laboratory Services, Kenya and some others that schistosomiasis mansoni and haematobia are prevailing in villages around Taveta Town located at the base of Mt. Kilimanjaro, near Kenya-Tanzania border, within the boundaries of Kenya (Highton, 1974) . Some villages surrounding this town (i.e. Jipe, Eldoro, Kivalwa, Kuwahoma and Chala) were selected for our three years investigations into schistosomiasis in Kenya beginning in 1974. Jipe is a fishing village of Luo people totally depending on fishing in Lake Jipe. Eldoro, Kivalwa and Kuwahoma are situated along the irrigation canals from the Lumi River and Chala on the Lumi River. The inhabitants of these villages are engaged in cotton, maize and banana production or stock farming except some working at sisal estates.
The present paper reports the data collected on stool and urine examinations and skin test for schistosomiasis in the area during the first and second years of the investigations.
MATERIALS AND METHODS
In the three villages, Jipe, Kivalwa and Eldoro, 1,170 individuals were subjected to stool and urine examinations and skin test using VES S. japonicum antigen during the survey period of the first year (December, 1974). However, the statistics of three combined examinations were compiled from 963 inhabitants, because some of them did not provide enough quantities of stool and/or urine samples (Figure 1 ).
Stool examination: The fecal sample, at least 1 g, usually 3 to 5 g, was processed according to the MIFC method (Blagg et at., 1955) which was modified by Ota and Sato (1957) for schistosome ova detection. Ten mt of MF solution and one drop of Tween 80 were added to each 1 g of stool sample and mixed well. The suspension was strained through gauze into a centrifuge tube. Approximately 2 to 4 mt of ether was poured into the tube for each 1 g of initial sample. The centrifuge tube was stoppered, shaken vigorously for 30 sec, left standing for 2 min and centrifuged at 1,600 rpm for 1 min. The plug under the ether was loosen and the supernatant was discarded. The deposit in the bottom of the tube was examined under microscope for schistosome ova. The MF solution consisted of 200 mt of stock solution, 250 mt of water, 25 ml of formalin and 5 ml of glycerine. To make 1,000 ml of stock solution, water was added to the mixture of sodium merthiolate 1 g, 500 ml of ethyl alcohol and 100 ml of acetone.
Urine examination: The urine sample, usually 100 to 200 mt, was provided at noon or in the early afternoon. Immediately, 4 ml of formalin was pi petted to each 100 ml of sample. The sample was then placed in the conical flask and sedimented for more than 30 min. The upper layer was discarded and the bottom layer was centrifuged at 1,000 rpm for 2 min. The sediment was examined microscopically. of wheal was outlined with a ball-point pen. The tracing was transferred to the paper with individual's name and other information by moistening with alcohol and pressing over the inked area. Two diameters of the wheal were measured at right angles. An average of diameters was designated as the wheal size. The wheals with sizes smaller than 8 mm in average diameter were classified as negative reaction, and the wheals with sizes 8 mm or more as positive reaction. During the survey period of the second year (November, 1975) 173 individuals of the two villages (i.e. Jipe and Kivalwa) who were examined in the previous year, and 142 inhabitants of Kuwahoma as well as 302 inhabitants of Chala provided urine and stool samples. The samples were examined by the same methods as in the previous year's survey. Tables I and 3 ): % (Table 2 ). Using the X 2 test the difference in the egg-positive rate between males and females was statistically significant (p< 0.025) in this village. In lipe and Kivalwa the egg-positive rates seemed to be somewhat higher among males than females (Table 2 ), but the computed values of X2 were not statistically significant. As shown in Tables 2 and 3 , the positive rates of skin test with VBS S. japonicum antigen were 79.0 per cent in lipe, 73.0 per cent in Eldoro, 79.6 per cent in Kivalwa and 76.4 per cent in total, higher than those of egg examinations. The positive rate of skin test was higher among males than females in lipe. The difference was statistically significant (p<O.Ol) in the X2 test. In Eldoro and Kivalwa, however, the data did not indicate any statistically significant difference in the positive rate of skin test between males and females.
RESULTS

As shown in
The age distribution of egg-positive rate and that of skin-test-positive rate are shown in Table 4 and Figure 2 . The youngest age of egg-positive individuals was two years. The egg-positive rate was 33 per cent in the age group of 1 to 4 years, 75 per cent in that of 5 to 9 years, and 80 per cent among teen-agers. In the older age groups the rate declined to 60 per cent. On the other hand, skin-test-positive rate increased as the age advanced, reaching 95 per cent in the age groups from 40 years up. Children of 9 years and downward have a higher egg-positive rate than the skin-test-positive rate (Figure 2 ). At every village the peak of the egg-positive rate was found either in the age group of 5 to 9, or in that of 10 to 14 years, and then gradually declined at the older age, remarkably in the cases of S. haematobium (Table  4 , Figure 3 ).
There were found 541 skin-test-positive individuals among 644 egg-positive cases, or in 84 per cent. The rate was higher than the incidence of 61 per cent among the (Table 5) . Among the egg-positive subjects, there was no significant difference in skin reaction between S. mansoni infection and S. haematobium infection, in the X 2 test (Table 6 ). Under the age of 5 years, the positive rate of skin test seemed to be somewhat lower among S. haematobium infected children than S. mansoni infected children (Figures 4 and 7) , but the computed value of X2 was not significant. In the same aged groups, the wheal sizes of skin reaction also seemed to be somewhat ... Age (years) Figure 7 Results of skin test for subjects with schistosomiasis by age and type of ova detected, and rates of positive skin reactions of the subjects by age in the study population of 10 years and downward. 
v=29).
The intensity distribution curve was plotted from the intensity of skin reaction which was studied on 963 inhabitants. It had two peaks, the first peak of negative reaction and the second peak of positive reaction around 10 mm in wheal diameter ( Figure 5 ). When the subjects were divided into three age groups, under 5 years, of 5 to 19 years and from 20 years up, the peaks of distribution curves tended to shift to the right, or larger size of wheals occurred in the older groups ( Figure 6 ). In other words, negative reaction decreased and intensity of skin reaction increased as the age advanced. As to the relation of reaction intensity to the egg-positive rate, eggs were proved in 70 to 80 per cent of the positive skin reaction group with a wheal size of 9 mm in diameter or larger, whereas the egg-posItIve rate was much lower in the skin-test-negative group with wheals less than 7 mm in diameter. On the other hand, eggs were detected in 29 to 35 per cent of the individuals with wheals which disappeared, remained in the same size, or increased 1 to 2 mm in diameter, mostly among children younger than 5 years of age (Figures 4 and 5) . Most infected adults were positive for the skin test (Figure 4) .
The results of stool and urine examinations carried out in 1975 also support the findings that S. mansoni infection is predominant in Jipe in contrast to high incidence of S. haematobium infection in Kivalwa. In Kuwahoma, which was not included in the previous year's survey, S. mansoni eggs were detected in seven individuals (5%), S. haematobium eggs in 52 (37%) and both together in two (1 %) indicating predominance of S. haematobium. In Chala on the upper stream of the Lumi River schistosome eggs were found only in 25 individuals (8.3 0 / 0 ) out of 302 examined inhabitants (Table  7) . Siongok et at., 1976) . In the present studies, however, the rationale to apply the MIFC method which was modified for schistosome ova detection by Ota and Sato (1957) to the examination of stool samples is that more than 1 g of sample can be examined by the concentration methods in contrast to 50 mg per slide by the thick smear method, and that the concentration method is, at least, a few times more sensitive than the smear method in spite of some ova missed in the process of concentration (Ota and Sato, 1957; Okabe et at., 1960; Iijima et at., 1962 ).
I t is generally accepted that more S. haematobium ova are discharged into urine about midday than at other times in many endemic areas (Bennie, 1949; Stimmel and Scott, 1956; Jordan, 1960; Onori, 1962; Bradley, 1963; McMahon, 1976) . In the present studies, urine samples were collected at noon or in the early afternoon, lest many egg-positive individuals should be overlooked. The urine samples were fixed with formalin, sedimented and centrifuged, although some ova might have been lost in the process as pointed out by Olivier (1973) .
Melcher's antigen has been recommended as the standard or reference antigen for skin test (Olivier, 1973) , and the scapular region as a sensitive site for skin testing (Kagan et at., 1961) . Coca's S. Japonicum antigen was reported to be a little less sensitive to children with schistosomiasis mansoni and/or schistosomiasis haematobia than S. mansoni antigen, although there was no difference in wheal size between the two antigens and the nitrogen content was 10 per cent less in the S. Japonicum antigen (Kagan et at., 1966) . However, it was reported that S.Japonicum antigen was effective in the skin test in S. mansoni endemic area in Brazil (Pellegrino et at., 1962) , that the reactivity of VBS antigen was similar to Melcher's antigen (Kagan et at., 1961) , and that VBS antigen was stable in antigenicity (Ishizaki, 1973) . In the present studies VBS adult S. Japonicum antigen was used in the three villages. The injection site was the volar surface of the forearm. If the scapular region had been used, every individual would have to remove the shirt and it would have been time-consuming and inconvenient especially for women.
It is interesting to find an endemic locale of S. mansoni infection (i.e. Jipe), those of S. haematobium infection (i.e. Kivalwa and Kuwahoma), that of two types of schistosome infections (i.e. Eldoro) and a locale where schistosome infection is rare (i.e. Chala) in this small area, presenting an ideal ground for comparative studies of two schistosome species.
There is, in general, little difference in sex ratio of the infection. The greater pervalence of schistosomiasis for females in Eldoro, a farming village may indicate a higher chance of exposure to schistosome cercariae for women in this locale through washing clothes and utensils and drawing water.
In the three villages surveyed in 1974, egg-positive rate increases rapidly with age in children, reaches a peak between the ages of 5 and 14 years and then gradually decreases. The decline appears to be more rapid in S. haematobium infection than in S. mansoni infection. Similar age prevalence relationships in schistosomiasis have been observed in some endemic areas (Pesigan, 1951; Clarke, 1967; Siongok et at., 1976) .
It was reported that the positive rate for skin test with S. Japonicum antigen was very low in children under the age of 10 years in S. Japonicum endemic areas (Yokogawa, 1974) , that more than 20 per cent schoolchildren passing S. mansoni ova were negative for skin test with Melcher's S. mansoni antigen in a hyperendemic area (McMahon, 1967) ; and that children below 5 years of age passing schistosome ova were far less reactive than the older individuals in endemic areas in Brazil (Kagan et at., 1961) . In the present studies the positive rate is lower for skin test than for egg examinations in children under the age of ten years. The wheal size is smaller in this age group than in the older age groups. These findings are essentially similar to those of previous workers. Kagan et at. (1966) reported that the children with schistosomiasis haematobia showed a higher skin reactivity to Coca's S. mansoni antigen and Coca's S. Japonicum antigen than the ones with schistosomiasis mansoni in Southern Rhodesia. In the present studies, however, there is no significant difference in the positive rate of skin reaction between S. haematobium infected cases under the age of five years and the same aged S. mansoni infected cases, The wheal size of skin reaction is not significantly different between the two groups, either. In the older age groups there seems to be no difference in skin reactivity between the two schistosome infections. There are possibilities, that the children with schistosomiasis haematobia are less reactive to VBS S. japonicum antigen than to Coca's antigens, and/or that the degree of hypersensitivity in the cases with schistosomiasis haematobia in the Taveta area is lower than that in Southern Rhodesia.
As is well known, skin test continues to be positive for 20 years or more after recovery from infection (Yokogawa, 1974) , while the egg-positive rate reaches a peak in childhood or puberty with gradual decline in older age group. It is, therefore, not surprising to find that the positive rate of skin test becomes higher than that of egg examination in age group from 10 years up. The group of individuals who are skin-test-positive and egg-negative most probably includes some cases passing a small number of ova which escape detection even with the concentration methods, besides the cured individuals who had been treated with schistosomicides, and the ones with S. bovis infection (Sadun and Biocca, 1962) The results of the present investigations indicate that the concentration methods for schistosome ova and VBS adult S. japonicum antigen are of use in epidemiological surveys of the areas where schistosomiasis mansoni and/or schistosomiasis haematobia are prevailing. The results also support the view that S. mansoni and S. haematobium infections are still prevailing in this area.
